Abstract. The danger of forest fires and their large-scale consequences is facing humanity more and more sharply from year to year. We carried out experimental studies to determine the thermal characteristics (thermal conductivity, heat capacity, thermal diffusivity) and thermokinetic characteristics (activation energy, pre-exponential factor) of typical forest combustible materials and their mixtures for a wide range of temperatures (298-423 K). A generalization of experiments for typical forest combustible materials of the Far Eastern Federal District of Russia was performed. The established experimental values can be used for mathematical modeling of occurrence, propagation and extinguishing of forest fires.
Introduction
Deterioration of the environment and air pollution are, of course, a consequence of many factors. Over the past five years, wildfires have claimed the thousands of human lives around the world [1] [2] [3] . Rare species and individual animals are dying. In addition to thousands of hectares of burnt forest massifs, numerous cases of suffocation and poisoning of people with combustion products of forest combustible materials (FCMs) should be noted.
There are four relatively independent directions forest fire-fighting: direct assessment of forest fire danger [4] , prediction of the combustion front propagation [5] , fire extinguishing [6] , and localization of combustion source [7] . In recent years, in each of these directions, the number of theoretical studies (for example, [4] [5] [6] [7] ) is increasing. This is due to the significant progress of the scientific community in understanding the physics of the corresponding heat and mass transfer processes, phase transformations and chemical reactions. It is important to carry out experimental studies of thermophysical and thermokinetic characteristics of FCMs with the aim of forming an information database necessary for the further development of the theory of forest fires.
The purpose of this study is the experimental determination of thermophysical and thermokinetic characteristics of typical forest combustible materials of the Far Eastern Federal District. 
Experimental setup and procedure
In this paper, the laser flash method [8] was chosen to determine the coefficients of thermal diffusivity, thermal conductivity, and specific heat of FCM under laboratory conditions. The main advantages of this method (in comparison with others) are [8, 9] : relative simplicity of measurements, high accuracy and reliability of results, applicability in a wide range of experimental conditions and materials, simultaneously measuring all basic thermophysical characteristics. In addition, the study of thermal conductivity by the laser flash method takes several times less time than the other methods [8, 9] .
We used the system "DLF-1200 TA Instruments". The operating principle of the system is based on the evaluation of the propagation velocity of the heat pulse in the sample. Measurements are made at temperatures in the thermostat up to 1500 K. The error in determining the coefficients of thermal diffusivity is ± 2.3%, the heat capacity is ± 4%, and the thermal conductivity is ± 5%.
We used a rotary mill "Pulverisette 14" to grind FCM. The rotor speed was 6000-20000 rpm. The average particle size was about 200 μm. Thus, we prepared samples of powders of the investigated materials with a mass of 0.2-0.25 g. Using a hydraulic press, the samples were pressed into cylindrical specimens (tablets). The dimensions of the tablets corresponded to the requirements of the used measuring system, and did not exceed 12.5 mm in diameter and 3 mm in height. The density of the samples corresponded to the narrow recommended range (ρ=0.71÷0.83 g/cm 3 ). Powders were stored under ambient humidity at room temperature (18-22 °С). We did not pre-dry the powders before experiments. To increase the degree of absorption of the laser energy and, respectively, to increase the accuracy of measurements, a layer of graphite was applied to the surface of the samples by aerosol spraying. Then the samples were placed in a thermostat using a holder and a specialized trolley (Fig. 1 a) . The thermostat working volume was filled with an inert gas (nitrogen).
During the measurements, we used a calibration sample (Pyrex7740), loaded into the thermostat module simultaneously with the test materials. The values of specific heat, thermal conductivity and thermal diffusivity coefficients are determined using the software of DLF-1200 TA Instruments system. We determined mass, height, base diameter and density of each sample before placement in the thermostat. Five measurements were carried out, the results of which were averaged. The height and diameter of the tablets were measured with a micrometer. The systematic measurement error was 0.005 mm. The mass of the samples was determined by the analytical balance Pioneer PA114. The systematic error of the measurements was 0.00005 g. According to the Romanovskii criterion, the geometric characteristics and mass of the test tablets were evaluated. We did not reveal rough errors in the experiments. In the present work we used synchronous thermal analyzer NETZSCH STA 449F3 for experimental determination of thermokinetic characteristics of the studied materials. The device has a wider temperature range than [10] and the possibility of performing the analysis in an inert and oxidizing atmosphere. The conditional scheme of the experiment is shown in Fig. 1 b. The thermal analysis was carried out under the following conditions, corresponding to the experiments [11] : the sample mass was 25 mg; heating from 300 K to 1270 K at a rate of 10 K/min in argon and oxygen with a gas flow rate of 100 ml/min. The kinetic parameters of pyrolysis were calculated by the method [12] . Fig. 2 illustrates the established values of thermophysical characteristics of FCMs, typical for the Far Eastern Federal District, in the temperature range 298-423 K. The choice of the temperature range is due to the real conditions under which the forest leaf litter is thermally decomposed and the subsequent combustion is initiated. If we consider in general the conditions under which the forest fire begins, then in the selected temperature range, intense heating of the material and the yield of bound water occur [13] . An intensive material decomposition is realized in the temperature range 350-450 K [6] . It is inadvisable to carry out experiments in the temperature range up to 500-600 K because the acceleration of thermal decomposition processes will lead to a change in the sample density and a corresponding increase in the error of determining the thermal conductivity, heat capacity, and thermal diffusivity.
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Results and Discussion
The established results (Fig. 2) contribute to the significant development of modern concepts about dependencies (type, nature, variation ranges, scale of growth) of thermophysical characteristics of typical FCMs on temperature. Tables 1 and 2 show, respectively, the established thermokinetic parameters of the FCM organic mass decomposition and the formation of volatile substances in an inert and oxidizing atmosphere for all the studied boreal materials in three temperature sections. The kinetic characteristics were obtained for three temperature ranges (Table 1) : 430-540 K (first), 540-630 K (second), and 630-840 K (third). The temperature ranges were varied by no more than 10 K (in accordance with the error of the thermocouples) from experiment to experiment.
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It was established that the thermophysical characteristics of FCMs differ significantly in different temperature ranges (Fig. 2, Tabs. 1 and 2) . We can conclude that this can significantly affect the theoretically calculated times of warm-up, drying, thermal decomposition and burning out of FCMs, as well as localization and suppression of the corresponding processes. Heat and mass transfer in the thermal control system of technical and technological energy equipment
Conclusion
Temperatures close to the values corresponding to the beginning of thermal decomposition (350-450 K) are of greatest interest for applied calculations (for example, in problems of gasification, pyrolysis, fire extinguishing). The results of a comparative analysis of the heat capacity and thermal diffusivity of FCM mixtures and their individual components have shown that, in the first approximation, it is possible to fairly accurately determine the average (it is considered to be "effective") values of heat capacity, thermal conductivity, and thermal diffusivity of a mixture of materials by analogous parameters of individual components, taking into account their relative mass fractions in mixture.
